Objectives. The objective of this study was to analyze the interventions of pharmacy students from one college of pharmacy via an Internet-based documentation system. Methods. PharmD students in their senior year (n=93) self-reported rotation interventions (actual or potential problems) over a 30-week period. Results. Ninety-three students completed a total of 3,320 intervention forms. Most common reasons for the 5,031 interventions were as follows: dosage related, 20.4%; adverse drug reaction/toxicity/side effects, 19.2%; and drug product selection, 13.5%. Of the 4,157 actions taken, the most common were direct contacts to health care providers (2,182) and patient consultations (867). The majority of interventions were initiated by students (66.4%), accepted by the patient and/or provider (87.1%), and required 15 minutes or less to complete (83.0%). Overall 41.9% of interventions were classified by students as "moderate problem risks" with the expected outcomes of "improved safety" (41.3%) and "improved efficacy" (27.8%). Conclusions. The Internet-based documentation system allowed for the tracking and classification of data from pharmacy student interventions that took place at community and institutional practices.
INTRODUCTION
As the role of pharmacists becomes more patientfocused and/or market pressures demand increased accountability of pharmacists, the importance of documenting pharmacists' professional activities related to patient care becomes paramount. Pharmacy students must gain an appreciation and understanding of why it is essential that they document their activities related to patient care and associated clinical outcomes. Unfortunately, this is a skill set that many pharmacy graduates have never been taught in their formal education or training. More importantly, this lack of a consistent behavior with respect to documentation seen in practice may in part be a reflection of the inconsistency in the requirements for documenting patient care in all pharmacy practice settings. If an individual has a skill, the chance this skill will be used is reduced when the behavior is not reinforced by a supporting attitude from preceptors and other role models in an actual practice setting.
With the adoption of the entry-level Doctor of Pharmacy (PharmD), there has been an increasing demand for experiential sites. Recognizing that pharmacy practitioners are excellent role models for students, many colleges and schools of pharmacy have increased the use of adjunct/volunteer faculty practitioners in providing experiential instruction. Sometimes there is a perception that organizations do not derive direct benefits from training pharmacy students, as preceptors must spend time monitoring and evaluating student performance in addition to their normal job responsibilities. Unfortunately, many academic programs are unable to provide objective data related to student activities (eg, contributions to patient care) at experiential training sites to dispel this perception. The importance of documenting the clinical activities and therapeutic interventions of pharmacists has been extensively described in the pharmacy literature. Likewise, the literature describes the benefits of having pharmacy students document their activities at clinical sites. The majority of studies involved relatively small numbers of pharmacy students (ranging from 7 to 29 students) and most studies involved students completing the majority of their experiential rotations in the inpatient setting. [1] [2] [3] [4] [5] [6] [7] [8] Academic pharmacy must develop methods to accurately and concisely demonstrate the contributions pharmacy students make while participating in experiential rotations. Paper monitoring forms are inefficient in terms of producing useful information and require the data to be entered into computer software to analyze the interventions and produce reports. Efficient and effective systems capable of capturing data supporting the involvement of pharmacy students in direct patient-care activities must be developed and assessed. Hopefully, such documentation systems can be replicated in various practice settings and used uniformly.
This study describes a method for documenting contributions of senior (final professional year) pharmacy students while completing experiential rotations in institutional and community practice sites. Goals were to analyze the interventions of pharmacy students from one college of pharmacy collected via an Internet-based documentation system.
METHODS

Internet Data Collection Software
The elements of the intervention form were designed to require a minimal amount of typing to document the interventions, thus requiring students to only "check" a response on the web-based form. Elements of the intervention form were designed over a 10-year period of testing paper data collection forms 9 and are presented in Table 1 . A screen capture of the actual data collection software is provided in Appendix 1.
Design
During orientation to the experiential component of the curriculum, senior PharmD students were instructed on how to complete the intervention forms online and what constituted an intervention. Students were instructed to complete the forms when they made notable contributions to patient care and not to document activities that were viewed as "routine" at their respective practice sites. Preceptors at the practice sites were instructed to verify all interventions that were entered into the Internet system. Some preceptors reviewed and discussed interventions on a daily basis, whereas other may have done this less frequently (eg, weekly).
Interventions consisted of identifying actual or potential medical problems, most often related to medica-tion therapies in patients. Multiple interventions, recommendations, and actions could be recorded on a single form for an individual patient. Interventions were collected from all practice sites, including community, hospital, long-term care, and home health care. No predetermined number of interventions was required of reporting students. All interventions were self-reported by students during a 30-week period. Students, preceptors, and sites were assigned unique identification codes to gain protected access to the website. For purposes of confidentiality, no patient information was requested on the form. Data were subsequently transferred into the software, Microsoft Excel for Windows® (version 2000) for compilation and analysis.
RESULTS
A total of 3,320 intervention forms were completed on the website from 93 students (mean of 35.7 forms per student) over the 30-week study period, resulting in 5,031 recorded intervention rationales (mean of 1.56 rationales per patient). For data analysis purposes interventions were classified as being from institutional (hospital, long-term care, and home health care) or community (chain, supermarket, mass merchant, and independent) settings.
Intervention Rationales
Overall, the most common rationale sited was that of drug dosage selection recorded (1, Table 2 . Students at institutional settings recorded the most instances of intervention in all major categories with the exception of order clarification (ie, non-formulary prescriptions, illegible prescription writing, and product unavailability) and inappropriate compliance, which were assessed more often in community settings (242 and 219 times, respectively). Likewise in the category of "contraindication," students from institutional sites (63.9%) were able to ascertain disease/condition contraindication more often than students in community sites (37.8%).
Recommendations
With respect to recommendations, more than half cumulatively (52.2%) related to a change in medication, dose, dosage form, regimen, or product source, followed by 479 (11.4%) recommendations for patient education/instruction, and 451 (10.8%) recommendations to discontinue therapy. The complete summary of recommendations provided is seen in Table 3 .
Actions Taken
Of the 4,157 actions taken, 2,182 resulted in the student directly contacting a health care provider(s); 867 involved patient consultations; and 360 involved the provision of patient information/education. The actions taken by practice setting shown in Figures 1 and 2 indicate that in community practice situations there is a greater opportunity to interact and counsel directly with patients (35%). Likewise, there is greater opportunity to interact directly with other healthcare providers in the institutional environment (58%). The majority of interventions (1962 or 66.4%) were initiated by students as observed in Figure 3 , and in 2042 (83.0%) cases required 15 minutes or less to resolve (see Figure 4 ).
Intervention Significance and Anticipated Outcomes
With respect to problem classification, less than half 1396 (44.5%) were documented as being actual problems that had occurred. The problem risks were fairly well distributed among significant (26.7%), moderate (41.9%), and mild (31.4%) categories, (see Figure 5) . Overall, the outcomes of the interventions were expected to lead to improved safety in 1956 (41.3%) cases and improved efficacy in 1317 (27.8%) cases (see Figure 6 ). Over three quarters of recommendations provided were accepted (87.1%).
DISCUSSION
While a total of 3,320 intervention forms collected and 5,031 intervention rationales submitted is not small, this amounts to only 1.19 interventions and 1.80 rationales per student per week. Though students were not required to complete a given number of interventions, and asked to only document those interventions that made notable contributions to patient care (not activities deemed as "routine"), the average of less than 2 notable contributions to patient care per week were documented is disappointing. Interestingly, on the competency summaries completed by preceptors about their pharmacy students, the category that received the most "not applicable" responses from preceptors (56%) is the competency description, "documents drug therapy interventions" (data on file).
Because pharmacy practice sites typically do not require pharmacists to document their interventions or non-dispensing cognitive functions, it is not surprising that the overall number of forms and interventions recorded was less than expected in the study. Historically within institutional settings the practice of documenting pharmacist interventions is more commonplace as observed in the professional literature. This relationship of more student reporting from institutions was observed in that the majority of interventions submitted on-line were from institutional practice settings 67.4% (n=3,392) compared to community practice settings 32.6% (n=1,639) in the study.
Intervention Rationales
As expected, the majority of interventions documented were related to product considerations (ie, order clarification, drug product selection, wrong drug, and dosage issues) occurring 53.2% of the time. However, one significant area of "order clarification" related to illegible prescriber writing. In 110 incidents (2.19%) of the 5,031 intervention rationales clarification was requested due to illegible handwriting. Because of these student interventions, 110 potential prescribing errors may have been avoided. In previous research in community and hospital settings, out of 30,647 intervention rationales, 536 (1.75%) potential errors were detected and avoided because of student interventions. 9 While an approximate 2% occurrence rate of illegible writing may not seem like a large incidence, the exact manner by which these interventions are initiated and resolved can pose significant problems in workflow in both community and institutional settings, while possibly compromising the welfare of patients. The majority of these instances of illegible writing were documented in the community practice setting (n=83), where generally there is less patient-specific data from which to make determinations of the appropriateness of therapy. This illustrates the importance of having pharmacists (or pharmacy students) in a position to intervene when deemed necessary in order to ensure patient safety with respect to prescribed therapies.
As described in the Institute of Medicine reports, 10, 11 the travesties of medication-related errors is an area that requires continual vigilance from pharmacists in order to protect patients and ensure that they are receiving the prescribed therapies. While it is agreed that prescribers must become more careful and prudent in their writing of prescriptions, until a mandatory computerized prescribing system is implemented, pharmacists must continue to play the role of "gatekeeper" to appropriately interpret medication orders to assess their intended use. However, on the majority of prescriptions, prescribers do not indicate the intended use of the drug. This lack of simple data from prescribers places patients at greater risk for medication-related problems and misinterpretations by patients and pharmacists of the clinical indications for prescribing the medication. In the near future, this category of illegible writing should be all but nonexistent.
With respect to "drug product selection," drug duplication was discovered more often in the community setting (39.6%) than in the institutional setting (19.2%). However, cases in which a drug was needed but not prescribed, were more typical in institutions (34.7%) than in community practice settings (24.9%). As for the category of "wrong drug," the main finding was related to the route of administration being questioned more often in the institutional environment (13.7% vs. 1.2%). In "dosage issues," the breakdowns based on practice setting were similar.
On a percent basis within the respective practice settings, in the category of "adverse drug reaction" (including interactions, toxicity, and side effects) in- In the category of "contraindication for disease/condition," students in the institutional settings were able to ascertain this information more often than students in community settings. This would be expected as more patient information for pharmacists to access and assess resides in the charts at institutional sites compared to those at community practice settings. As previous research has demonstrated, pharmacists are able to make better decisions when they have access to more complete patient information. 12 In this regard, the use of electronic medical records would assist pharmacists since it would allow the sharing of patient data, as long as pharmacists were granted universal access irrespective of their practice setting.
The category of "referral needed," accounted for 12% of rationales, with the greatest incidence occurring in the institutional setting (the majority were related to laboratory value(s), suggesting that area of patient care warrants attention as well). Given these data, a position could be put forth that the profession of pharmacy (eg, pharmacists and pharmacy students) are in an opportune position to refer patients back into the healthcare system and to providers for the medical and laboratory attention they may be in need of. The pharmacy profession is well positioned to work in cooperation with medical colleagues and not in competition with them, through the monitoring of patients, assessing the attainment of defined therapeutic endpoints, and communicating the findings back to patients' other providers.
Recommendations
More than half of the recommendations (52.2%) provided related to a change in medication, dose, dosage form, regimen, or product source. Changes in the dose, dosage form, and regimen occurred approximately twice as often in the institutional setting compared to the community setting. This is a responsibility often shared between pharmacy and nursing in many institutional settings. In contrast, a recommendation to change the medication occurred twice as often in community practice. This discrepancy may have more to do with the way in which third party formulary considerations are handled in community practice compared with how they are handled in the institutional setting where protocols may be in place to handle non-formulary issues and therapeutic interchanges.
Interestingly, there were relatively equal percents of recommendations to discontinue therapy (10.5% and 10.9%) at both community and institutional sites. The implications of these recommendations are quite different. For example, in community practice if these recommendations to discontinue therapy are followed, no reimbursement to the pharmacy will take place given that the majority of third party plans in the US do not reimburse for the professional services of pharmacists, as there would be no product dispensed (though the insurer would save money). However if the recommendation is ignored, and the product is dispensed, the third party payer would incur a prescription benefit cost. In contrast, institutional settings benefit from not dispensing products because the reimbursement provided is typically fixed and there is a continual focus on minimizing costs to the health care system, whether it be prescription-based or not. As a result, the current systems in place do not recognize Not surprisingly, there were more recommendations for patient education/instruction in community practice (20.9% vs. 6.6%). This finding confirms that students that have an interest in proving direct patient education/instruction would be best suited to practice in community settings as opposed to institutional ones, though some institutional practices have incorporated patient education/instruction into the responsibilities of pharmacists.
Actions Taken
The most common "intervention activity" involved contacting prescribers and sending reports to Number of Interventions Figure 6 . Anticipated outcomes of interventions. prescribers, collectively, about 59.3% of the time. In the institutional setting, prescribers were contacted more often (57.2% vs. 44.9%) and sent reports more often (9.7% vs. 2.2 %) than in the community setting. This is probably a direct reflection of the closer proximity between pharmacy and medical personnel in the institutional setting. As for patient monitoring initiated, this took place more often in the institutional setting (10.4% vs. 1.8%).
With respect to patient consultation, community settings more often engaged in this activity (34.5% vs. 12.4%), whereas for patient information/education, both sites participated equally (9.7% vs. 8.0%). The activities associated with providing such information and education are more often than not, noncompensated to the pharmacies or pharmacists involved. This data substantiates that pharmacists and students are involved in tasks that are not directly compensated for in the current healthcare reimbursement system, yet these are tasks that are performed on a routine basis throughout pharmacy practice. However the ability to communicate effectively to both patients and providers is a necessary competency of all pharmacy graduates in all practice settings and requires practice.
Not surprising, the majority of interventions (66.4%) were initiated by students, though other healthcare providers (eg, physicians and nurses) did contribute to 10.1% of interventions in the institutional environments. With respect to the time involved per intervention, the first two categories (5 minutes or less and 6 to 15 minutes) represented the majority (83.0%) of interventions, irrespective of the practice environment. The amount of time involved per intervention varied depending on the type of intervention, the action taken, the practice setting, and the parties involved. Interventions ranging from 16 to 29 minutes in length were seen more often in the institutional setting than in the community setting. One study involving students, demonstrated that there was great variability in time spent by students with interventions based on the practice setting. 1 Other considerations, such as the year of training for the student completing the rotation should also be taken into account. This sequencing becomes more important as a greater number of academic programs are placing pharmacy students in rotations throughout the pharmacy curriculum.
Intervention Significance and Anticipated Outcomes
With respect to problem classification, less than half (1396) of the interventions were documented as being actual problems that had occurred. This is a difficult variable to measure and interpret in that, because of the action associated with some interventions, the "potential" problem did not take place. For example, a drug-drug interaction or drug-disease interaction may have been intervened on by the pharmacy student and pharmacists, and thus is recorded as a potential problem and not an actual occurrence. Therefore, the actual number of problems could possibly be classified as being greater than what was reported. As seen in Figure 5 , the types of problem risks were fairly well distributed among the categories of significant (26.7%), moderate (41.9%), and mild (31.4%).
Overall the expected outcomes of the interventions were thought to lead to improved safety and efficacy. There was a higher incidence of suggestions among community sites that increased compliance would take place compared to the institutions (17.5% vs. 6.8%), which is understandable given that community sites are more likely to focus on patient-related issues that involve compliance-related matters. The data on economic impact is not well defined, because the perspective of the cost savings or cost increase is not fully known (ie, the payor, patients, hospital, etc). For example, the cost associated with the time spent on the intervention itself (not documenting it) was not included in the analysis, thus making it difficult to accurately estimate the financial contributions students made to practice sites. The vast majority of recommendations provided in the study period were documented as being accepted (87.1%). This number may be overly inflated as some reporter bias may have occurred in that students may have only documented the interventions where they had positive outcomes associated with their recommendations. To truly know this incidence would require follow-up from the practice sites involved and that was beyond the scope of this project.
Limitations
Due to the nature of the data collection process and the data collected, there are limitations to the study. Data were self-reported by students and could introduce the potential of reporter bias as well as the possibility of under-or over-reporting. Because of the large number of students and preceptors in the study, the ability to ensure that consistent views of what constituted an intervention (eg, notable contributions to patient care and not "routine" activities) at practice sites cannot be accounted for. Likewise, the reported potential problem risk (ie, significant, moderate, and mild) categories of the interventions may have resulted in variations of interpretations that were not controlled for. An external panel of practitioners could be used to review a random sample of interventions and assess the appropriateness of the risk classifications to validate the reporters' perceptions in future work.
The specific category of medications involved in the interventions was an open text field; therefore, those data were not analyzed. Inclusion of an NDC number or other codes for therapeutic categories would have proven beneficial in this regard. Because no specific patient data were collected, and students were not required to follow up on the outcomes of their interventions, the full impact of interventions was undetermined. Future studies will necessitate identifying the perspective from which the economic impact is measured and the time involved to resolve the interventions as well as the associated outcomes of the interventions. Clearly, advances in technology to be used at the point-of-care such as personal digital assistants (PDA's) 13 will greatly assist in future studies of this nature.
CONCLUSIONS
As increased financial constraints are placed on health care providers and systems, it may become more difficult for colleges and schools of pharmacy to recruit volunteer faculty to assist in the experiential education of students. Thus, academic pharmacy must begin to document the contributions pharmacy students can make while participating in experiential rotations to facilitate continued use and possible expansion of experiential sites. To adequately prepare future graduates, students must be trained in the process of patient care documentation, especially those processes that incorporate new communication technologies. Such education and training should be provided not only during students' didactic education, but also during their professional practice experiences through a supervised documentation program.
